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ABSTRACT 
Currently, there are over 120,000 total knee arthroplasties (TKA) performed 
yearly in the United States with total hospital and physician expenses for each procedure 
ranging from $25,000 to $30,000. Majority of individuals who undergo a TKA continue 
to exhibit lower extremity strength deficits specifically quadriceps and hamstring 
weakness. Clinicians and physical therapists question if these individuals receive the 
level of rehabilitation necessary for the return of quadriceps and hamstring strength. 
The purpose of this pilot study was to investigate the logistics of setting up a 
study to determine if there was a significant difference between the strength of the 
involved extremity to the strength of the uninvolved extremity in individuals with 
unilateral TKAs. Five subjects were randomly selected for the study. Strength testing 
was performed at Altru Hospital using a Cybex 6000 isokinetic machine. 
The data from the pilot study showed trends and patterns consistent with 
quadriceps and hamstring weakness following a TKA. Statistical analysis was not 
performed due to the small number of participants. Continued research is necessary to 
determine if the rehabilitation period following a TKA is effective in regaining 
quadriceps and hamstring strength. 
Vll 
Chapter I 
Introduction 
As one begins to age, many changes occur in an individual's body occasionally 
inhibiting or limiting their ability to participate in daily activities. These changes 
individuals experience range from muscular weakness to joint instability to sensory 
changes and cognitive changes. The scope of this paper is limited to muscular changes 
and joint instability. Many individuals become gradually weaker through the aging 
process. For many elderly people, a common disability that results in overall muscular 
weakness is osteoarthritis. Osteoartlu'itis has the potential to lead to many different types 
of changes. 
One of the primary changes that occur with osteoarthritis of the knee is quadriceps 
weakness. Quadriceps weakness is the primary risk factor for knee pain, disability, and 
progression of joint damage in the knee. I Thus, this may eventually lead to further 
damage of the articular surfaces in the knee joint and result in surgical intervention to 
repair the inefficient articular surfaces. Research has indicated that individuals who have 
osteoarthritis in the knee (as indicated through radiographic data) have decreased 
quadriceps function that may contribute to altered afferent input, eventually leading to a 
reduced efferent stimulation of the quadriceps. Ultimately decreased efferent stimulation 
of the quadriceps (quadriceps weakness) may lead to further damage of the articular 
structures in the knee. Quadriceps weakness is also very common with individuals who 
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have osteoarthritis. Typically these individuals decrease their overall activity level due to 
the knee pain and discomfort they experience. In some instances, it is believed that 
quadriceps weakness results from disuse atrophy secondary to joint pain. 
Decreased sensorimotor function is another common change that occurs with 
osteoarthritis. Our sensory system is an integral component in functions such as balance 
and ambulation.2 Individuals who have osteoarthritis may experience difficulties when 
performing these functions as a result of the decreased sensorimotor function. 
Specifically of the quadriceps. It has been documented that the sensorimotor function of 
the quadriceps in individuals with osteoarthritis correlates with weaker quadriceps, 
unstable knees, and poorer functional performance. These sensorimotor changes may 
eventually lead to people having impaired balance and gait, decreased mobility, and 
decreased function. 
Decreased joint proprioception, along with quadriceps weakness and decreased 
sensorimotor function is another common problem individuals with osteoarthritis may 
experience. Decreased joint proprioception may be a result from osteoarthritis and also 
may initiate damage to the knee joint.3 Joint position, specifically the knee joint, 
deteriorates with age with or without the presence of osteoarthritis. Total knee 
replacements have been proven to minimally increase joint position; semi-constrained 
knee replacements improved joint position better than hinged replacements. As 
illustrated, osteoarthritis contributes to many adverse effects. Those adverse effects may 
be so severe that it requires surgical intervention. Total knee arthroplasty (TKA) is one 
of the most common surgical interventions for osteoarthritis in the knee. Other 
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conditions that may cause degeneration in the knee and result in a total knee arthroplasty 
are injuries such as fractures of the knee, torn cartilages, and torn ligaments.4 
Total knee arthroplasty is continually growing in popularity as an effective and 
efficient means to improve functional mobility and performance for individuals with 
degenerative changes. The surgical procedure of a total knee arthroplasty involves 
replacing damaged parts of the knee with artificial parts.4 The femoral condyles, the tibial 
plateau, and the underside of the patella are the most commonly damaged parts removed 
in the knee. Individuals that experience daily pain, pain restricting their participation in 
activities of daily living, and significant knee instability and deformity are most often 
indicated for a total knee replacement. The primary reason individuals undergo a total 
knee arthroplasty is for pain relief so that they may be able to participate fully in all 
activities. Normally, individuals may expect pain relief for approximately ten years 
following the surgical procedure. 
Total knee arthroplasty is an expensive procedure to improve one's mobility and 
function. There are many important indicators that show how effective the surgical 
procedure is. Studies have analyzed quality of life issues in regards to effectiveness of a 
TKA. Research has indicated 88%- 90% of individuals who undergo a tricompartmental 
total knee replacement have either a good or excellent outcome four years post-
operatively.5,6 Across all studies the average individual possessed a 100% improvement 
in global knee-rating scales following a total knee arthroplasty at four years post-
operatively.5 The specific type of prosthesis utilized was also correlated with how 
patients reacted to the surgical procedure. A prosthesis that included a posterior cruciate 
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ligament exhibited a higher post-operative global knee rating score than other types of 
prostheses. 
Total knee arthroplasty improves one's quality of life and function and can be an 
effective medical treatment for treating degeneration of the knee joint. Studies that have 
assessed functional activities illustrate a significant improvement following a total knee 
arthroplasty compared to pre-operative function. 6, 7 Research has documented that 
significant improvements in physical functioning, social functioning, physical role 
functioning, emotional role functioning, mental health, energy, and pain are seen one to 
. I 7 two years post-operatIve y. 
The growing popularity of a total knee arthroplasty has brought the rehabilitation 
period following the surgical intervention to the forefront. Efficient and effective 
rehabilitation is necessary to provide the individual with maximal benefits of the total 
knee replacement. Research has illustrated, that physical impairments and functional 
limitations were still present in some individuals one year following a total knee 
arthroplasty procedure.8 Men exhibited slower walking speeds, decreased stair-climbing 
ability, and increased quadriceps weakness compared to individuals with no diagnosis of 
knee disease. Women exhibited similar deficits when compared to individuals with no 
diagnosis of knee disease. Thus, the importance of an effective rehabilitation program 
following the surgical procedure needs to be emphasized and practiced both by the health 
care professional and the patient in order for the patient to receive maximal benefits from 
the surgical procedure. 
Health care professionals and patients need to work together to achieve common 
goals during the rehabilitation period to create an efficient treatment program. Some 
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common rehabilitative goals for total knee arthroplasty patients are increased range of 
motion of the knee, return of quadriceps strength, and the ability to perform functional 
daily activities with minimal assistance and minimal pain. These goals will ultimately 
assist returning patients to their normal daily activities. 
Striving to improve range of motion of the knee (flexion and extension) following 
surgery is necessary to prevent the formation of contractures, prevent the knee from 
becoming stiff, and to allow the range that is required by the knee for certain activities 
such as sitting and walking. The importance of the return of quadriceps strength is to 
provide stability to the knee and allow individuals to perform activities with greater ease. 
Quadriceps strength also provides proper alignment of the knee during weight bearing 
activities and contributes to maximal benefits from the procedure. Improving knee range 
of motion and facilitating the return of quadriceps strength is addressed at the beginning 
of the rehabilitative program and continues to be addressed throughout the program.9 
Emphasis of performing functional activities with greater ease is later in the rehabilitation 
program after addressing all of the other deficits. 
Achieving these goals is the responsibility of the health care professional and the 
patient. Some common methods in providing responsibility to the patient is to provide 
them with a home exercise program and instruct and discuss with them, prior to surgery, 
exercises that they will be performing following the surgical procedure. 10 The health care 
professional and the patient working together as a team throughout the rehabilitation will 
provide the patient with the opportunity for maximal benefits from the surgical 
procedure. It is essential that the health care professional and the patient work hand-in-
hand towards striving to achieve the goals established for the patient. 
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Return of quadriceps strength is an area that requires primary focus during the 
rehabilitation period. Quadriceps strength is important in all aspects of the goals 
established for the patient. I It contributes to greater range of motion of the knee, better 
functional mobility, and greater stability. This leads to decreased wear and tear of the 
articular surfaces of the knee joint. As a result of research indicating quadriceps deficits 
following a total knee arthroplasty and continual deficits at specific year follow-ups one 
must ask are rehabilitation professionals providing effective rehabilitation to individuals 
following a total knee arthroplasty? Are the protocols providing effective treatment in 
the return of quadriceps strength? Is there full return of quadriceps strength when the 
patient experiences no pain and is able to participate in daily activities with greater ease? 
As a result of these questions regarding quadriceps deficit following a total knee 
arthroplasty, a pilot study was designed to study five individuals who had unilateral total 
knees. The strength of their quadriceps and hamstrings of their involved extremity was 
compared to the strength of their quadriceps and hamstrings in their uninvolved 
extremity. The study proposed to establish some trends that would help to develop a 
research project to investigate objective measurements of quadriceps and hamstring 
strength following a TKA. This information would assist rehabilitation professionals to 
provide the highest quality of care necessary for individuals to receive maximal benefits 
from their total knee arthroplasty. 
Chapter II 
Literature Review 
Many individuals as they age experience severe delibating pain in their joints. 
The knee joint is one of the most common areas that people complain of discomfort. The 
pain may be precipitated by a variety of causes. One of the most common causes of pain 
is degeneration of the articular surfaces of the tibia and femur from arthritis 
(osteoarthritis or rheumatiod arthritis). Total knee arthroplasty (TKA) is a method that 
has been used to treat this condition since it was first introduced in the 1940's. TKA is 
often indicated for individuals with conditions such as osteoarthritis, instability, 
deformity, rheumatoid arthritis, or delibating pain that is limiting participation in daily 
activities. I I, 12. 13 Currently, there are approximately 120,000 total knee arthroplasty 
procedures performed per year in the United States. Each total knee arthroplasty 
procedure ranges from $25,000 to $30,000 in hospital and physician expenses. 14 
Of all the total knee replacements performed yearly, a high level of satisfaction is 
displayed by the patients. William Harris and Clement Sledge l4 stated that 87.5% of 
individuals who had a total knee arthroplasty performed with the removal of the cruciate 
ligament were highly satisfied with the procedure. Most individuals, who undergo a total 
knee arthroplasty, are extremely satisfied with the procedure if it helps to alleviate their 
pain and improve their daily function and mobility. Total knee replacements also portray 
a high survival rate. Some survivorship studies indicate a survival rate between 90% and 
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and 95%.12, 15 High survival rates correlate with low failure rates. Some hospitals report 
failure rates of less than 1 %. II 
Outcome studies reveal high patient satisfaction following total knee arthroplasty 
surgery. Birdsall et aI, 16 performed a prospective study of the effect of a total knee 
replacement on 119 patients and found significant improvements for pain, emotional 
reaction, sleep, and physical mobility. A patient outcome cohort investigation performed 
by DaHeck et aC indicated patient outcomes were significantly improved following a 
TKA in individuals with poor pre-operative functioning, those treated with posterior 
cruciate sparring devices, and those who exhibited a better health status at baseline. 
Thus, there is a multitude of factors to consider when evaluating patient outcomes from a 
total knee arthroplasty. 
This high rate of satisfaction was exhibited across the board. Norman-Taylor I 7 
found a greater increase in satisfaction with patients who had a TKA compared to 
individuals who had a total hip alihroplasty. The majority of individuals who undergo a 
total knee arthroplasty do so because of severe pain that is inhibiting their ability to 
perform activities. As a result of the surgical procedure they experience less pain and are 
able to perform activities such as ambulation and ascending and descending stairs with 
greater ease. Total knee replacements have become accepted as an effective treatment for 
the relief of pain and for the improvement of physical functioning in the individual. 
The first total knee arthroplasty designs were extremely basic. They consisted of 
a metallic implant to resurface one side of the j oint. II Since these initial TKA designs 
there have been many changes to the overall appearance. 
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In 1950, MacIntosh developed the hemiarthroplasty.11 Physicians utilized hinged 
or constrained knee units when performing a hemiarthroplasty.12 The main disadvantage 
of these units was the limited rotation, which may have led to high failure rates. In the 
1970's Frank Gunston developed the first unlinked knee replacement. 14 Gunston's design 
utilized polyethylene and stainless steel as the articulating surfaces and cement fixation to 
adhere the surfaces to the bone. Many positive improvements were made with this 
design. The new design provided greater pain reduction and approximately 900 of 
flexion. Even though this design provided improvement there were still areas that needed 
to be addressed such as loosening and motion was limited beyond 900 of knee flexion. 
To help alleviate these problems, the designs that followed attempted to mimic 
the anatomical knee as accurately as possible. These designs attempted to duplicate the 
motion and stability of a "normal" knee. 14 The designs often utilized the collateral and 
posterior cruciate ligaments and j oint capsule for stabilization. The importance of using a 
design based on the anatomical knee was to attempt to decrease the stress and improve 
the longitivity of the design. 12 Hence, the majority of the designs used today include an 
anatomical femoral component along with a deep trochlear groove and modular tibial 
components. 
Various methods to implant the TKA design are utilized. The two primary 
methods are the standard mid-line medial parapatellar approach and the mid-vastus 
approach. 18 A standard mid-line medial parapatellar approach is used to maintain the 
quadriceps and/or hamstrings balance and therefore preserve natural patella tracking. 19 
The mid-vastus approach helps to conserve the extensor mechanism from further surgical 
trauma by using a standard anterior mid-line incision splitting the vastus medialis oblique 
\0 
in the direction of its fibers. 18 By helping to conserve the extensor mechanism, there is 
evidence of earlier return in function of the extensor mechanism and less post-operative 
pam. 
David Dalury and William Jiranek l8 compared the two approaches and found the 
mid-vastus approach allowed individuals to return to activity more quickly and with less 
pain. It was indicated through Cybex testing that quadriceps strength was stronger in the 
mid-vastus group when tested at 30 degrees and 60 degrees of flexion compared to the 
paramedian group. Along with the quicker return of quadriceps strength and less post-
operative pain, the mid-vastus approach is overwhelmingly favored by individuals who 
undergo a TKA.4, 19 The many advantages of the mid-vastus approach to the mid-line 
medial parapatellar approach are exhibited in this study. These advantages may be due to 
the fact there is less surgical trauma to the extensor mechanism. 
In addition to the various methods to expose the knee joint capsule, there are other 
considerations when performing a total knee arthroplasty. One consideration involves the 
decision to retain, sacrifice, or substitute the posterior cruciate ligament. I I, 20 The decision 
is influenced by the integrity of the present ligament and the stability of the knee. lfthe 
posterior cruciate ligament is retained it will aid in anterior-posterior stability of the 
prosthesis. Early designs of retaining the posterior cruciate ligament utilized a "flat-on-
flat" design that provided no immediate stability or "memory" in assisting early post-
operative motion. Then a more curved design was developed allowing for greater range 
of motion owing to a greater surface contact area. Thus, if the posterior cruciate ligament 
is viable it is important to utilize it because it has been found to provide better 
physiologic load as well as improve quadriceps functioning. 
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Another decision that physicians make in regards to the technique used with a 
total knee replacement is the type of fixation. In the 1970's and 1980's the gold standard 
for types of fixation developed from the condylar design and from this design the current 
type of cement evolved.!! Currently, a total knee arthroplasty utilizes an all-polyethylene 
three-pegged cemented patella when resurfaced. This design portrays a high level of 
success and a low failure rate. 
It is questionable why some total knee arthroplasty procedures use cement-less 
fixation when cement fixation has exhibited a high level of success. Even though 
cement-less fixations are less common, it is still a procedure used by some physicians.21 
The revision rates of cement and cement-less fixations in a total knee arthroplasty vary 
greatly. Cement-less fixations exhibit a significantly higher rate ofrevision primarily due 
to femoral or tibial aseptic loosening or osteolysis. As this illustrates, the popular all-
polyethylene three-pegged cemented patella used today provides more lasting benefits of 
a total knee arthroplasty. 
There are many factors that need to be addressed during the rehabilitation process 
to return the individual to his/her prior level of function. The primary reasons for a total 
knee replacement are daily pain, severe pain limiting an individual's daily activities, 
stiffness, instability, and deformity.4, 12 These indications often limit an individuals' pre-
operative activity. As a result of the limited participation in activities prior to the total 
knee arthroplasty, individuals may exhibit overall lower extremity muscular weakness, 
primarily of the quadriceps and hamstrings. 
Quadriceps and hamstring weakness may affect individuals when performing 
daily activities. Individuals may require increased assistance when ambulating or 
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ascending and descending stairs. This pre-operative quadriceps and hamstring weakness 
along with the trauma to these muscles during the surgical procedure may lead to overall 
lower extremity weakness. Quadriceps and hamstring weakness needs to be a primary 
concern during the individual's rehabilitation program. Improving quadriceps and 
hamstring strength and function is essential following a total knee replacement allowing 
the individual to experience the maximal benefits of the surgery. 
Quadriceps and hamstring strength is important for a variety of reasons. 
Abnormal strength may eventually lead to an imbalance of muscle strength and joint 
instability. Proper co-contraction of the two muscles groups is important to facilitate 
knee stability.22 For instance, these sets of muscles activate simultaneously during 
activities such as ambulating and biking helping increase knee stability. 13 Quadriceps or 
hamstring deficits may be a contributing factor in many problems such as inability of 
individuals to perform daily activities and/or degeneration to the structures in the knee 
joint that are crucial to its stability. 
It is vital that the quadriceps and hamstrings are strengthened optimally for 
individuals to receive maximal benefits from their total knee arthroplasty. Berman, et 
ae
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reported in 1991, that there was not a full recovery of quadriceps strength and 
function two years post-operatively. Consequently, following any type of surgical 
procedure involving the knee joint, specifically a total knee arthroplasty, it is essential 
that the quadriceps and hamstring function be a primary focus during the rehabilitation 
process. 
The standard protocol that physical therapists utilize today for total knee 
arthroplasty rehabilitation incorporates many avenues that ultimately strive for early 
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return of strength and range of motion. Some activities included in the rehabilitative 
program may vary between facilities specifically time frame and intensity of the 
activities. Some individuals will be placed on a continuous passive motion machine 
directly following surgery. Other individuals will be placed on it later in their 
rehabilitative process. 
A vital part of the total knee arthroplasty rehabilitation is pre-admission and post-
admission education. Individuals who participate in pre-surgical rehabilitation exhibit 
some important beneficial effects post-operatively.23 As a result of these benefits, it is 
highly recommended that individuals undergo a pre-admission educational program 
including a videotape and health manual. 
Another essential aspect of a total knee arthroplasty rehabilitation program are the 
basic total knee exercises that are commonly utilized in facilities. The progression of the 
individual through the rehabilitative program is a key avenue that varies with individual 
performance and with the facility requirements. Along with progression, the intensity of 
the program varies. Some facilities and physicians desire to have a stronger, more 
intense program; on the other hand, some facilities exhibit a more passive approach to the 
rehabilitation process. Which approach provides better overall results to the patient? Do 
changes need to be implemented to bring about better results? These are some of the 
questions to be addressed through this research. 
In the research, the method chosen to assess and evaluate patients' quadriceps and 
hamstring strength following a total knee arthroplasty, was isokinetic testing. Isokinetic 
testing offers an objective and dynamic means of measurement of muscular 
performance.24 It helps to assess an individual's ability to recruit a muscle or group of 
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muscles, which is important to a successful rehabilitation outcome. In addition to 
offering a dynamic and objective measurement, isokinetic testing also provides test re-
test reproducibility. When evaluating quadriceps and hamstring strength using isokinetic 
testing, Knannus and Jarvin recommend a hamstring to quadriceps ratio of.5 to .8.22 This 
represents a more balanced ratio between the two muscle groups indicating better overall 
knee function and a more symmetrical gait pattern.25 
The majority of individuals undergoing a total knee arthroplasty, exhibit a higher 
pre-operative hamstring to quadriceps ratio than the recommended value. Following a 
successful total knee arthroplasty (six to thirteen years post-operatively) these individuals 
continued to possess a higher recommended ratio than healthy individuals of the same 
age as well as muscular imbalance?2 This finding continues to reinforce the importance 
of regaining quadriceps and hamstring strength and function during the rehabilitation 
process following a total knee arthroplasty. 
I k·· . h . d b h· I h 26 27 so metlc testmg as contmue to e a c Olce to measure muscu ar strengt . ' 
Berman, Bosacco, and Israelite25 evaluated quadriceps and hamstring strength of sixty-
eight individuals with a unilateral total knee arthroplasty, using a Cybex II isokinetic 
machine. They found that the hamstring function returned to maximal value within seven 
to twelve months post-operatively; however, quadriceps function was indicated at a 
significant deficit two years post-operatively. This major quadriceps deficit indicates that 
the quadriceps mechanism was lagging in the post-operative recovery period. Another 
study illustrated through Cybex testing, that the median peak extensor and flexor torque 
was 50% lower in the surgical extremity than the non-surgical extremity?S These two 
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studies, once again, show the deficit of the quadriceps (and hamstrings) function during 
the rehabilitative period. 
With the use of isokinetic testing, many variables may be assessed and evaluated. 
The ability of a muscle or set of muscles to produce torque, work, power, acceleration, 
deceleration, and hamstring to quadriceps ratio may be analyzed through isokinetic 
testing.24, 26, 29 Work and power measurements are the muscular performance parameters 
and their ratio should approximate 1: 1.24 These values are important because they may 
help indicate how well an individual will perform functional activities such as ambulation 
and ascending and descending stairs. 
Isokinetic testing offers many advantages in assessing and evaluating individual's 
muscular strength and function. For instance, it closely approximates functional 
movements and also provides an objective, reproducible method of measure. Isokinetic 
testing is an optimal and appropriate method of measurement to accurately assess an 
individual ' s quadriceps and hamstring function and strength throughout their 
rehabilitation program. 
Individuals who undergo a total knee arthroplasty have muscular weakness of the 
quadriceps and hamstrings pre-operatively and post-operatively. The primary reasons for 
the weakness may be disuse atrophy and trauma from the surgical procedure.22 
Consequently, quadriceps and hamstring function and strength need to be the primary 
focus during the rehabilitation program following a total knee replacement. As result of 
the importance of the quadriceps and hamstring function to the knee joint, a pilot study 
was set-up to test five individuals with unilateral total knee replacements ranging from 
six months to five years post-operatively. The study assessed quadriceps and hamstring 
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strength and function of the operative extremity compared to the non-operative extremity. 
The method utilized to compare quadriceps and hamstring function was a Cybex 6000 
isokinetic machine. The Cybex 6000 provided objective data as well as test re-test 
reproducibility. The hypothesis was that there was no significant difference in 
quadriceps and hamstring strength between the operative extremity and the non-operative 
extremity. 
Subjects 
Chapter III 
Methods 
Institutional Review board approval was provided by Altru Hospital and the 
University of North Dakota. The five subjects participating in the study were randomly 
selected from a local physician's patient profiles. Potential subjects were first contacted 
via telephone by the physician's nurse practioner and follow-up contacts were performed 
by the researcher. All subjects were 55 years or older. The post-operative time for the 
subjects ranged from six months to five years. Exclusion criteria included: (1) history of 
myocardial infarctions following surgery, (2) active rheumatoid arthritis, (3) uncontrolled 
high blood pressure, (4) uncontrolled bursitis in the non-surgical extremity, or (5) total hip 
arthroplasty on the ipsilateral side as the total knee arthroplasty. Informed consent was 
obtained from subjects prior to being included in the study. 
The basic data of all the subjects is listed in Table 1. The mean subject weight 
was 163.6Ibs. and mean age was 70. The mean months post-operatively of the total knee 
arthroplasty was 14.4. 
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Table 1- Subject Data 
Subject Weight Age Months Post-op 
1 225 72 21 
2 170 70 19 
3 138 81 12 
4 170 63 10 
5 115 65 10 
19 
Isokinetic Testing 
The equipment utilized in the study to evaluate quadriceps and hamstring strength 
was the Cybex 6000. This instrument provided objective measurements of muscle 
strength. Testing was performed at Altru Health Care Systems in Grand Forks, North 
Dakota. Prior to testing, the researcher received approximately ten to twelve hours of 
training on the Cybex 6000. The researcher was present during all testing procedures. An 
experienced physical therapist and qualified technicians were available to assist if 
necessary. The Cybex 6000 was calibrated at the beginning of each month by a qualified 
technician. 
Cybex 6000 Set-up 
Prior to testing, the Cybex 6000 was properly aligned for each subject. The 
dynamometer was aligned with the femoral condyles by adjusting the fore/aft and/or 
adjusting the height of the dynamometer. Then a long adjustable arm or a short adjustable 
arm was installed into the dynamometer-input tube depending on the height of the subject. 
Seat back tilt was standardized for all subjects. A padded strap at the distal end of the 
lever arm was positioned at the leg above the ankle allowing the subject to plantarflex and 
dorsiflex their foot without any discomfort. Seat back was positioned appropriately to 
allow knee extension and flexion without any discomfort to their gastrconemius muscle. 
Subjects were stabilized with straps at the trunk and thigh to prevent any excessive 
movements. Positional information was entered in the computer. Anatomical zero was 
established and extension and flexion stops were placed appropriately for each subject. 
The extension stop was placed at an angle mechanically calculated. This angle varied 
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from subject to subject. The flexion stop was positioned at an angle calculated by the 
machine after the subject flexed their knee to 90 degrees. This number was standard from 
subject to subject. The total range of motion of the knee was standardized for all subjects. 
The range was from 0 to 90 degrees of flexion. Participants were instructed not to grasp 
the handlebars during testing. Uniform instructions were provided to all subjects prior to 
and during the testing. 
Method of Testing 
The Cybex 6000 was calibrated prior to testing according to manufacture' s 
protocol. All subjects received a general overview of the testing procedure and a brief 
introduction to the machine prior to testing. The subjects warmed up for three to five 
minutes either on a bike or treadmill. Following the warm-up and proper positioning of 
the subject on the machine, testing began. Testing involved five cycles of flexion and 
extension at 60o/sec, 180o/sec, and 20 cycles of flexion and extension at 240o/sec. The 
chosen speeds are standard speeds recorded in literature and correspond to the functional 
level of the participants. Prior to each speed tested, subjects performed three warm-up 
cycles. A rest period of 60 seconds was implemented between each test. Throughout the 
testing procedure, subjects were encouraged to provide their maximal effort through every 
cycle. Vocal encouragement was standardized for each subject. 
Procedure Following Testing 
Following the testing procedure, all subjects were encouraged to walk to decrease 
any irritation that may have developed during testing. Subjects were offered ice packs to 
assist in decreasing any irritation or inflammation. If the subjects chose not to use the ice 
packs they were instructed to ice their knees at home for 10-15 minutes if they experienced 
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any pam. The results of the testing were explained to the subjects ifthey so chose. 
Subjects were encouraged to ask questions or voice any concerns. All subjects were 
informed that they might experience muscular soreness as a result of the testing. Follow-
up telephone calls were conducted in order to assess subjects' health. 
Survey 
All subjects were asked to complete a six-question survey prior to performing the 
testing procedure. A copy of the questionnaire is located in Appendix A. The survey 
focused on the subjects' functional performance before and after the total knee 
arthroplasty. Responses from each question were analyzed for trends and patterns. 
Data Analysis 
The low number of participating subjects in the pilot study resulted in the inability 
to perform significant statistical analysis. The researcher focused on trends and patterns 
that were exhibited in the data. This helped to examine any correlation that existed 
between the quadriceps and hamstring strength within the five subjects and between the 
five subjects. 
Further research conducted on this topic would require twenty to thirty subjects 
for significant statistical analysis. Analysis of the data would include paired t-tests at an 
alpha level of 0.05 . 
Peak Torgue 
Chapter IV 
Results 
Physical rehabilitation for individuals who undergo a total knee arthroplasty 
primarily concentrates on strengthening the quadriceps and hamstring musculature 
surrounding the knee joint. Research to date illustrates that individuals continue to 
exhibit quadriceps weakness following a TKA when tested during periodic check-ups.3o 
To analyze this in greater detail, quadriceps and hamstring strength was tested in five 
individuals who had unilateral TKA' s. The following is the data received from the pilot 
study. 
The peak torque values obtained for knee flexors and extensors at all speeds are 
provided in Tables 1 and 2. Four out of five subjects exhibited higher values at 60o/sec 
for the extensors of the uninvolved extremity compared to the involved extremity. 
Throughout the study, the extensors (both involved and uninvolved) demonstrated higher 
peak torque values and percentages than the flexors. In Table 2, two out of five subjects 
exhibited significant deficits at all speeds for the flexors of in the involved extremity 
compared to the uninvolved extremity. Where as four out of five subjects consistently 
demonstrated significant deficits at all speeds for the extensors of the surgical extremity 
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compared to the uninvolved extremity. Significant deficits are defined as any values 
greater than 10%.31 
Typically individuals demonstrate hamstring to quadriceps ratio of.5 to .8 at 60o/sec. 
Subject one demonstrated a ratio of .65 of the involved hamstrings to quadriceps at 
60o/sec. Subjects two-five exhibited values less than .5 of the involved hamstrings to 
quadriceps at 60o/sec. Two out of five subjects demonstrated a hamstring to quadriceps 
ratio ranging from .5 to .8 at 60o/sec of the uninvolved musculature. Three out of five 
subjects demonstrated a hamstring to quadriceps ratio lower than the .5 to .8 range at 
60o/sec of the involved musculature. 
As noted in Table 2, three out of five subjects demonstrated higher values of the 
involved flexors compared to the uninvolved flexors at all speeds. A characteristic 
pattern of producing the highest value at 60o/sec was demonstrated by three out of five 
subjects and progressively produced lower values as speeds increased to 240o/sec. 
Four of the five subjects consistently demonstrated higher values with two of the 
three speeds with the uninvolved extensors compared to the involved extensors exhibited 
in Table 3. Four out of five subjects showed a characteristic pattern of producing the 
highest value at 60o/sec and progressively producing lower values as speeds increased to 
240o/sec. 
24 
Table 2- Peak Torgue of Flexors 
600 /Sec 1800 /Sec 240o/Sec 
UN IN UN IN UN IN 
1 
Ft-lbs. 59 67 40 44 31 39 
%BW 26 29 17 19 13 17 
%Deficit -13 -10 -25 
2 
Ft-lbs. 19 23 6 17 7 10 
%BW 11 13 3 10 6 5 
%Deficit -21 -183 -42 
3 
Ft-lbs. 11 13 4 12 9 11 
%BW 7 9 2 8 6 7 
%Deficit -18 -200 -22 
4 
Ft-lbs. 46 15 32 16 29 18 
%BW 27 8 18 9 17 10 
%Deficit 68 50 38 
5 
Ft-lbs. 23 9 11 2 13 1 
%BW 20 7 9 1 11 0 
%Deficit 61 82 93 
UN: uninvolved IN: involved 
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Table 3-Peak Torgue Extensors 
600/Sec 1800/Sec 2400/Sec 
UN IN UN IN UN IN 
1 
Ft-lbs. 121 102 65 61 51 57 
%BW 53 45 28 27 22 25 
%Deficit 16 7 -11 
2 
Ft-lbs. 54 49 18 27 27 27 
%BW 31 28 10 15 15 15 
%Deficit 10 -50 0 
3 
Ft-lbs. 28 39 18 23 12 14 
%BW 20 28 13 16 8 10 
%Deficit -39 -27 -16 
4 
Ft-lbs. 79 45 51 36 48 29 
%BW 46 26 30 21 28 17 
%Deficit 44 30 40 
5 
Ft-lbs. 46 34 22 18 22 20 
%BW 40 29 19 15 19 17 
%Deficit 27 19 
UN: uninvolved IN: involved 
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Total Work 
The total work values obtained for the flexors and the extensors of the involved 
extremity and the uninvolved extremity are provided in Tables 4 and 5. Total work is a 
good indicator of muscular endurance. Table 4 illustrates, three out of five subjects 
demonstrated higher values at all speeds with the uninvolved extremity compared to the 
involved extremity. Table 5 illustrates, that four out of five subjects demonstrated higher 
values at most speeds with the uninvolved extremity compared to the involved extremity. 
Subjects four and five demonstrated significant deficits with the flexors and extensors of 
the involved extremity compared to the uninvolved extremity. 
Four of the five subjects demonstrated higher values at 60o/sec for the involved 
flexors and progressively produced lower values as the speed increased to 240o/sec. The 
results are consistent with the muscles gradually becoming fatigued at higher speeds and 
less resistance. 
Table 5, demonstrates that the majority of the subjects didn't exhibit significant 
deficits at any of the three test speeds. Four out of five subjects demonstrated higher 
values at 60o/sec for the involved extensors and progressively produced lower values at 
240o/sec indicating muscular fatigue with increased speed and less resistance. Data 
consistently illustrated that the major difference in muscular strength between the 
involved extensors and the uninvolved extensors occurred at 60o/sec and the smallest 
difference in muscular strength occurred at 240o/sec. 
27 
Questionnaire 
A completion of the information obtained from the questionnaire (Appendix C) 
illustrated that three out of five subjects rated their total knee arthroplasty excellent. Four 
out of five subjects stated that they performed their rehabilitative exercises as prescribed 
by their physical therapist for greater than six months. Three of the five subjects rated 
their non-surgical extremity (uninvolved) stronger than their surgical extremity 
(involved). 100% of the subjects indicated they would have a total knee arthroplasty 
performed on their other extremity if indicated by their physician. 
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Table 4-Total Work Flexors 
600/Sec 1800/Sec 2400/Sec 
UN IN UN IN UN IN 
Ft-lbs. 57 53 30 34 18 17 
%BW 25 23 13 15 8 7 
%Deficit 8 -13 6 
2 
Ft-lbs. 17 20 1 12 2 4 
%BW 10 11 0 7 2 2 
%Deficit -17 -1100 -100 
"l j 
Ft-lbs. 7 8 1 7 2 5 
%BW 5 5 0 5 2 3 
%Deficit -14 -600 -150 
4 
Ft-lbs. 48 10 22 6 19 9 
%BW 28 5 12 3 11 5 
%Deficit 80 73 53 
5 
Ft-lbs. 21 8 9 0 8 0 
%BW 18 6 7 0 6 0 
%Deficit 62 100 100 
UN: uninvolved IN: involved 
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Table 5- Total Work Extensors 
600/Sec 1800/Sec 2400/Sec 
UN IN UN IN UN IN 
1 
Ft-lbs. 118 100 66 58 41 43 
%BW 52 44 29 25 18 19 
%Deficit 16 13 -4 
2 
Ft-lbs. 56 50 17 26 23 19 
%BW 32 29 10 15 13 11 
%Deficit 11 -52 18 
3 
Ft-lbs. 25 36 14 16 9 6 
%BW 18 26 10 11 6 4 
%Deficit -44 -14 34 
4 
Ft-lbs. 84 41 53 32 40 23 
%BW 49 24 31 18 23 13 
%Deficit 52 40 43 
5 
Ft-lbs. 48 39 22 16 18 17 
%BW 41 33 19 13 15 14 
%Deficit 19 28 6 
UN: uninvolved IN: involved 
Chapter V 
Discussion/Conclusion 
The rehabilitative process that individuals undergo following a total knee 
arthroplasty is an integral component to the overall results of the surgical procedure. 
Regaining range of motion of the knee and the return of quadriceps and hamstring 
strength are the primary focuses during the rehabilitation period. Return of "normal" 
muscular strength of the knee is essential when performing activities of daily living. 
Thus, when current research indicates that there are strength deficits in individuals who 
have had a TKA, it is vital that more research is conducted to evaluate the effectiveness 
of the rehabilitation design. 
There are many questions that need to be addressed to determine how effective 
and efficient the rehabilitation program is for a total knee arthroplasty. In the pilot study, 
which involved five individuals with unilateral total knee arthroplasties, we hoped to 
initiate a research design that would address those questions. 
It has been documented that the return of quadriceps strength lags behind when 
comparing it to the return of hamstring strength.22, 32 Data confirms this finding at 60° /sec 
(the speed chosen for evaluation using normative data) . This refutes the original 
hypothesis, which stated that there was no significant difference in quadriceps strength 
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between the involved extremity and the uninvolved extremity. Four out offive subjects 
demonstrated a lower hamstring to quadriceps ratio than the recommended value of.5 to 
.8,22 reinforcing the fact that quadriceps typically exhibit strength deficits following a 
total knee arthroplasty. Even though the data collected reinforces the documented fact of 
quadriceps deficits following a TKA, all five subjects stated that they would have a total 
knee arthroplasty performed on their other extremity if indicated by their physician. 
Thus, how important is the full return of quadriceps strength if individuals are content 
with their post-operative functional mobility in their involved extremity? 
Significant deficits were exhibited in the involved extensors compared to the 
uninvolved extensors in four of five subjects, further providing evidence of decreased 
quadriceps strength following a TKA. With this data illustrating quadriceps weakness, is 
there something that rehabilitation professionals can change or implement to improve the 
return of quadriceps strength? Is there a need to focus more on the return of quadriceps 
strength even though satisfaction rates from individuals who had a TKA are extremely 
high? Further research needs to be performed in order to gather adequate evidence to 
answer these questions. 
Total knee arthoplasty protocols typically are standard between facilities. Some 
components of the protocol however might vary such as time-frame progression and 
intensity of exercises. Thus, do these two components affect the quality of return of 
quadriceps strength following a TKA? The pilot study didn't address this component; 
consequently, further research needs to be conducted to determine how influential these 
two areas are in terms of the return of quadriceps strength. 
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Four out of five subjects stated that they performed their rehabilitative exercises 
as prescribed by their physical therapist for greater than six months. These subjects still 
exhibited quadriceps deficits when isokinetically tested on the Cybex 6000. This might 
be explained by the subject's pre-operative strength. Prior to surgery, individuals may 
have decreased strength and thus when tested post-operatively continue to exhibit 
weakness. This may indicate that the exercises currently included in TKA protocols do 
not adequately strengthen the quadriceps. 
Even though there were significant deficits in the involved extensors, four out of 
five subjects rated their rehabilitative program good or excellent. With high patient 
satisfaction of their TKA rehabilitation program, how important is the deficit of 
quadriceps strength following a TKA? Ifthe individuals who undergo a TKA are 
satisfied with their overall results, do changes need to be implemented in the TKA 
protocol so greater quadriceps strength does occur? To answer these questions, 
additional research needs to be performed to adequately gather evidence to either support 
or refute the statement. 
In lieu of the pilot study some changes to the basic foundation of the study would 
be recommended. The researcher needs to receive approval through the IRE committee 
to test the subjects and to view their files. This will allow the researcher to be the 
primary contact for patient selection and allow the researcher to analyze the patient's 
rehabilitation program following their TKA. To get a larger subject pool it may be 
beneficial to test individuals either at a follow-up appointment with their physician or at 
monthly rounds conducted by their physician at local hospitals. Other changes that may 
affect the research in positive ways are to allow for a greater time frame for testing and to 
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test individuals at three months post-operatively and beyond rather than at six months and 
beyond. Ideally a long-term study comparing the muscle strength of the quadriceps and 
hamstrings to the longevity of a total knee arthroplasty and long-term patient satisfaction 
would be ultimate. 
Hopefully through this pilot study, further research will be conducted. This area 
of physical rehabilitation is an essential part of physical therapy. With the gaining 
popularity of TKA's, it is essential that the rehabilitation following the surgical procedure 
provide individuals with the opportunity to receive maximal benefits from the procedure. 
If the rehabilitation program fails to offer this opportunity, individuals will be unable to 
experience total benefit from the surgery. Quality patient care for total knee arthroplasty 
requires continued research. 
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THE GRADUATE SCHOOL 
UNIVERSITY OF NORTH DAKOTA OUTLINE 
(Check One) 
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Proposed Title: Qlladriceps and Hamstring Strength in Individllals With Total Knee 
Arthroplasty 
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Description of the nature of the problem/study, the procedure or methodology to be followed, and 
the proposed results: 
Currently, there are over 120,000 total knee arthroplastys (TKA) performed yearly in the United 
States. Each of those surgical procedures has total expenses that range from $25,000 to $30,000. 
Clinicians and physical therapists question if individuals who undergo TKAs receive the level of 
rehabilitation necessary for the return of quadriceps and hamstring strength so that they may obtain 
maximal benefits from the surgical procedure. At this time, literature doesn't provide adequate 
evidence to support the most effective and efficient rehabilitation program. 
I propose to perform a pilot study to investigate the logistics of setting up a study to test the 
quadriceps and hamstring strength of individuals with unilateral total knee arthroplastys to 
determine if there is a significant difference between the strength of their surgical extremity and the 
strength of their non-surgical extremity. 
Individuals will be contacted by a local physician's nurse practioner with follow-up contacts made 
by the researcher. Five subjects who have met the inclusion criteria will be randomly selected for 
the study. Strength testing will be performed at Altru Hospital using a Cybex 6000 Isokinetic 
machine. The researcher will follow standard protocol testing with all SUbjects. Data analysis will 
focus on assessing trends and patterns between and within the SUbjects. 
The researcher proposes that the results from the study will illustrate that there is no significant 
difference in quadriceps and hamstring strength between the surgical extremity and the non-surgical 
extremity. Thus, indicating that the rehabilitation procedures followed by physical therapists today 
are providing adequate support for the patient to receive optimal benefits from the surgical 
procedure. 
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Appendix B 
CONSENT TO PARTICIPATE IN RESEARCH 
Is There a Significant Difference in Quadriceps Strength of the Operative Extremity 
vs. the Non-Operative Extremity in a Total Knee Arthroplasty? 
You are invited to participate in a study comparing the strength of the knee muscles of 
the non-surgical leg to the knee muscles of the surgical-leg. Through this research we 
hope to be able to determine if the current exercises that are given to individuals oftotal 
knee arthroplastys are sufficient in providing maximal benefits from the total knee 
arthroplasty. Subjects that have had a history of heart attacks since surgery, have active 
rheumatoid arthritis, have uncontrolled high blood pressure, have uncontrolled bursitis in 
the non-surgical leg, or have had a total hip arthroplasty on the same side as the total knee 
arthroplasty will be excluded from this study. The instruments that will be used for 
testing is the Cybex machine located at Altru Health Care Institute. The testing will take 
approximately 30-40 minutes and will include a warm-up, stretching, and cool-down 
along with the strength testing. You will benefit from participating in this study by being 
able to determine if the knee muscles of the surgical leg are equal to the knee muscles of 
the non-surgical leg. 
As a result of any type of exercise, muscle soreness may result from the testing. This 
will be kept to a minimum by having the individual follow standard warm-up and cool-
down exercises. All data collected from the testing will remain confidential, as numbers 
will be used to replace names of individuals that are participating in the study. The data 
collected will be located for three years in a locked office in the physical therapy 
department at the University of North Dakota; after which, all the data will be shredded. 
Participating in this research project is voluntary and subjects will receive no 
compensation. If at any time you decide not to participate in the study it will not alter 
your future relations with Altru Health Care Institute or the University of North Dakota. 
If you have any questions regarding the study, you may reach Brooke Powers at (701) 
780-9474 or Bev Johnson at (701) 777-3871. Copies of the consent form are available 
upon request. In the event that physical injury occurs while testing, medical care will be 
available on site. Payment for any such treatment must be provided by you and your 
third party payer, if any (health insurance, Medicare, etc.). 
"I have read and understood all of the above and I'm willing to participate in this study as 
explained to me by the research investigator." 
Subject's signature Date 
Witness' signature Date 
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Appendix C 
QUESTIONAIRE 
Surgery Date : ______ _ 
Reference number: 
-----
1. Rate your activity level before your total knee arthroplasty to your current 
activity level after your total knee arthroplasty. Mark only one of the following 
choices. 
Activity level equal 
Activity level greater ____ _ 
Activity level less 
2. Rate your overall satisfaction with your total knee arthroplasty by marking only one 
of the following choices. 
Poor Good 
----- ------
Fair Excellent 
----- -----
3. Compare both of your knee muscles in terms of muscular strength. 
Strength equal both sides _____ _ 
Strength greater on non-surgical leg than surgical leg ______ _ 
Strength less on non-surgical leg than surgical leg _______ _ 
4. Rate your rehabilitation program following your total knee arthroplasty by marking 
only one of the following choices. 
Poor Good 
------ --------
Fair Excellent 
------ -------
5. How long did you perform your home exercise program as instructed by your 
physical therapist? 
< 1 month 3-6 months 
------ ------
1-3 months > 6 months 
------ ------
6. With what you know now about your total knee arthroplasty, would you do it again? 
Yes No 
---------
Thank you for taking the time to fill out this questionnaire. Your participation is 
appreciated and will be beneficial to our research. 
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